Following periods of physical activity, it is not uncommon for exercisers to increase their energy intake as a reward deemed 'earned'. Consumers' awareness of the energy within food and expended from exercise has previously been found to be limited. Therefore, the aim was to investigate whether habitual exercisers (50 adults and 49 children from 5 sports clubs) were able to conceptualise the energy expenditure (EE), following 1 h of their regular sports training, into a quantifiable amount of perceived energy compensation (PEC) in the form of food (chocolate) or drink (sports drink). Mean percentage accuracy for the PEC against EE matched o30% (±29%), a significant underestimation irrespective of sex or sport. Percentage accuracy failed to significantly correlate to age. These findings indicate a necessity to improve nutrition education surrounding the energy costs of exercise relative to the energy contained within foods/drinks for both adults and children. (2015) 69, 1344-1345; doi:10.1038/ejcn.2015.108; published online 1 July 2015
INTRODUCTION
Increasing daily energy expenditure (EE) is a common recommendation made by health professionals to promote healthy living and prevent weight gain. 1 As exercise and dietary patterns are closely intertwined, it is not uncommon for energy-dense foods to be consumed following periods of EE, as a reward deemed 'earned' for the exercise performed. 2, 3 This increase in energy intake (EI), as a post-exercise reward for some individuals, may be in excess of the EE from the exercise and attenuate any impact exercise might have had on weight loss. 2 Such overcompensations could be due to a lack of knowledge about the energy content of foods and the amount needed to compensate for an energy deficit created by an exercise bout, but to date this issue has not been explored in detail.
Therefore, the aims of the study were to investigate the awareness for the EE following habitual sporting activities and whether this could be conceptualised into a quantifiable amount of energy contained within food or drink by adults and children, males and females and participants of different sporting activities.
MATERIALS AND METHODS
Habitually active participants were recruited from five local sports clubs (rugby, netball, swimming, hockey and badminton): 50 adults (18.1-54.6 years; body mass index (BMI) 24.4 ± 3.8 kg/m 2 ; 46% male) and 49 children (10.8-17.8 years; BMI 21.0 ± 3.9 kg/m 2 ; 48% male). Following institutional ethical approval, adult participants and parents of children provided written informed consent, and children provided written informed assent.
Prior to the training session, body mass was recorded. Each sports club trained for a minimum of 1 h, and where sessions were longer, a break to training was given to enable standardised data capture after 1 h of training. EE was calculated using the compendium of physical activities tracking guide for adults 4 and youths 5 MET equations. Following the training session, participants were asked to estimate their perceived EE in terms of the amount of food (chocolate) and drink (sports drink) that would be required to replace the energy expended by the 1 h session. These two snack items were chosen as they are commonly consumed after or during sports. All participants were asked the same question:
"You have just expended energy during your training session, how much chocolate and sports drink (asked separately) do you think you need to eat/drink to replace the energy you have just used from your training session?" Participants were provided with visual cues, (~30 individual squares of chocolate on a board and bottles of sports drink filled to half a bottle, 1 bottle and 4 bottles) to help the estimation of these items, but no further information was given. Answers could be given in grams or number of squares for the chocolate and millilitres or fractions of a bottle for the sports drink. Perceived energy compensation (PEC) was then converted into kJ and compared against the participants' predicted EE. The difference between the PEC (chocolate and sports drink, in kJ) was calculated from the predicted EE (in kJ) and expressed as a percentage of accuracy, where 100% would indicate that their estimate matched exactly the EE.
RESULTS
A one-way analysis of variance (ANOVA) showed that the PEC from both the chocolate (P = 0.078) and sports drinks (P = 0.119) did not differ significantly between sports (Figure 1 ). PEC was significantly 1 Children's Health and Exercise Research Centre, Sport and Health Sciences, St Luke's Campus, University of Exeter, Exeter, UK and 2 underestimated using both chocolate (1564 kJ, P o0.001) and sports drink (1923 kJ, P o 0.001).
A two-way ANOVA indicated no significant differences for percentage accuracy between sport (chocolate: P = 0.823 and sports drink: P = 0.701), sex (chocolate: P = 0.786 and sports drink: P = 0.768) and interaction of sport × sex for chocolate: P = 0.433. However, a significant interaction of sport × sex was found for the sports drink (P = 0.041; Figure 2 ). Post hoc analysis indicated no specific significant differences between sex and the different sports.
Pearson's correlations between age and percentage accuracy for females showed a significant negative correlation between age and chocolate estimation (r = − 0.545, P o 0.001). There were no significant correlations for age and sports drink estimations for the females (r = − 0.215, P40.05) or males between age and chocolate or sports drink estimations (−0.172 o r40.093, P40.05).
DISCUSSION
This is the first study to have measured the awareness of the energy utilised when participating in sport into a quantifiable amount of food/drink. A significant underestimation was observed irrespective of age, sex and sport participated in with a mean of 30% of the energy expended being estimated in terms of EI. It is, however, encouraging that the majority of participants (all but 3) were underestimating as opposed to overestimating the food/ drink required to replace the expended energy. However, anecdotally, many commented on how they would opt to eat a whole bar of chocolate after training as a treat as opposed to the few squares they estimated that they had actually expended, suggesting that a Hawthorne effect may have influenced the findings, as well as a disparity between perception and actions. Unfortunately, the study design did not allude to whether the significant underestimations were due to participants' poor understanding of the energy expended from their training session, a poor understanding of the energy contained within foods and drinks or a combination of both. Asking the participants to estimate their EE as a numerical unit of energy may have established a more detailed understanding of the participants' appreciation of energy costs.
Young females were better able to estimate the energy quantity compared with older females, whereas age had no impact on males. There were no significant differences for the estimated accuracy between sexes. It is suggested that the improved accuracy observed in the young females maybe related to their lower EE as opposed to an increased knowledge.
We acknowledge the limitation of measuring EE from METs, and however by doing so EE data could be captured within one testing visit with minimal disruption to the training sessions, maintaining ecological validity. However, our findings of participants' underestimations of energy quantities would still be an acceptable conclusion as the underestimations were so large (1907-2251 kJ).
In conclusion, these findings highlight the need to increase nutritional education surrounding the energy costs of exercise relative to the energy content of food. 
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Energy Expenditure (MET) Chocolate Estimation Sports Drink Estimation Figure 1 . Predicted EE and PEC from both the chocolate and sports drinks for all participants in all sports (mean ± s.e.m.). Both the chocolate estimation and the sports drink estimation were significantly less than the predicted energy expended (significance not shown). Percentage accuracy ( ± s.e.m.) of the estimated intake for chocolate and sports drink against the predicted energy expended from the training session calculated from metabolic equivalent (MET). 100% = an exact match between estimated intake and energy expended.
